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INTRODUCTION
Griscelli syndrome (GS) is a rare autosomal recessive immunodeficiency disorder, characterized by defective natural killer (NK) and T-cell cytotoxic activity that manifests clinically as hemophagocytic lymphohistiocytosis (HLH). It presents in early childhood and infancy with hypopigmentation of skin and hair, repeated episodes of infection, pancytopenia, immune dysregulation, and neurological abnormalities. [1] Three distinct genetic forms of GS are known (GS1, GS2, and GS3) of which GS2 is the most prevalent. Mutations in RAB27A gene cause hypopigmentation of hair because of clumping of melanosomes in melanocytes and immune defect. [2, 3] We herein, report two cases with classical presentation of silver gray hair since birth and clinical features of HLH. Both the cases underwent detailed immunological workup in our laboratory. We observed degranulation defect in NK cells, which was confirmed by RAB27A gene mutation. Hematopoietic stem cell transplantation in one of the patients resulted in stable donor chimeric profile; however, the second one succumbed to the disease within a month after SCT. Timely diagnosis of patients with Griscelli syndrome can facilitate disease management and long-term survival.
CASE 1
A 2-year-old female was born to a 31-year-old primigravida mother of nonconsanguineous marriage. Child had silver grey hair at birth for which parents consulted local practitioner. On day + 16 of age, the infant developed fever and was given symptomatic medication but fever continued, and she developed bluish black patches around her abdomen (ecchymosis and petechiae). The medical details were not available for this patient as she was initially treated outside our center. Thereafter, the child had similar symptoms at 1 year of age and was referred to our tertiary center for further management.
On admission in our hospital, the infant had silver grey sheen of hair [ Figure 1a ]. Her hair mount examination showed a hypopigmented shaft with few irregular, clumps of melanosomes. Vitals were as follows: heart rate -140/min, respiratory rate -46/min, and temperature -99.9F. Further systemic examination showed hepatosplenomegaly. Investigations indicated hemoglobin -9.2 g/dL, white blood counts (WBCs) -6,400/mm 3 , and platelets -45,000/mm 3 . The peripheral blood examination (PBS) did not show any increase in number or size of neutrophilic granules. The serum ferritin level was markedly increased to 1800 ng/mL (normal range: 15-150 ng/mL); however, her serum triglycerides were within normal range 127 mg/dL (reference range: 0.42-295 mg/dL). The serological tests performed for any infectious etiology were all negative. A provisional diagnosis of GS-2 was considered after clinical and laboratory investigations and the patient was started immediately on treatment based on HLH protocol-2004. The patient received tab dexamethasone, cyclosporine syrup, and Etoposide injection to which she responded well and became hemodynamically stable.
Meanwhile, the immunological workup was performed in our laboratory for investigation of NK cell activity. Briefly, peripheral blood mononuclear cells were stained ex vivo for surface markers with fluorescently conjugated anti-CD3 PEcy7 and anti-CD56 PE. Intracellular staining was performed with anti-perforin Fluorescein isothiocyanate. For degranulation assay, cells were stimulated with phorbol 12-myristate 13-acetate and ionomycin and incubated with anti-CD107a for 6 h at 37°C. . This suggested normal pore-forming capacity but defective degranulation and cytotoxic effector function of NK cells. Furthermore, mutational analysis revealed RAB27A gene homozygous mutation (88714G > T mutation) confirming GS-2 (Centre for Medical Diagnostics, Mumbai). The patient's deranged biochemical parameters normalized posttreatment and workup for hematopoietic stem cell transplant (HSCT) was initiated. Two years back, the patient underwent a successful Cord Blood HSCT (5/6 match) in our hospital and is presently on a follow-up. The patient was administered nonmyeloablative-conditioning regimen followed by cord blood stem cell infusion. Her post-HSCT chimerism monitoring at D + 120, D + 210, and D + 365 days showed a donor profile of 99.2%. Presently, 2-year posttransplant, the child is healthy, and all her laboratory parameters have normalized.
CASE 2
A 3-year-old male child with family history of one sibling death at 9 months from pneumonia and another stillbirth, presented in a local hospital at 17 months of age with complaints of fever and progressively increasing pallor. His vitals were as follows: temperature: 99.5 F, respiratory rate: 35/min, and heart rate: 102/min. On examination, he had silvery grey hair and mild pallor [ Figure 1b ]. On systemic examination, he had mild hepatosplenomegaly. Investigation of hematological parameters indicated hemoglobin: 6.0 g/dL, WBCs: 1,400/mm 3 , and platelets: 3.1 lac/mm 3 . The PBS) did not show any large granules in Patient was planned for matched related stem cell transplant with his elder sister with whom he had a 6/6 HLA match. He was taken up for allogenic stem cell transplant. Child developed fever on+3 day and in spite of all corrective treatment protocols developed features of sepsis and finally succumbed to the disease on+11 day.
DISCUSSION
The GS-2 is a rare autosomal recessive disorder, first reported by Griscelli et al. in 1978 [4] in two French girls who presented with silver grey hair, fever, pancytopenia, and hepatosplenomegaly. It is included under the category of primary HLH syndromes and has three known subtypes categorized based on genetic and molecular features as GS1, GS2, and GS3, of which GS2 is the commonest, that is associated with immune system dysregulation. Gene mutations in MYO5A, RAB27A, and MLPH result in GS-1, GS-2, and GS3, respectively. The protein products of these three genes Myosin-Va, RAB27A, and Melanophilin form a heterotrimeric protein complex, which is involved in transport of melanosomes to adjacent keratinocytes through dendritic processes. Hence, defect in any of these three genes leads to hypopigmentation. [5] In GS-2, mutation in RAB27A causes defect in NK and CD8 T-cells cytolytic function. Both NK cells and CTL cytotoxicity are directed against the virus or tumor laden target cells and rely on their elimination by release of lytic granules, which are specialized secretory lysosomes that contain perforin and granzymes. [6] Rab proteins are RAS-like monomeric GTPases that are involved in protein trafficking and act as regulators of vesicular transport, docking, priming, and fusion. [7] Oculocutaneous pigmentation with immune dysregulation besides GS-2 may also be seen in Chediak Higashi syndrome, Hermansky Pudlak syndrome type 2, Elejalde disease, and p14 deficiency that are autosomal recessive disorders having similar phenotypic expression. GS-1, also known as Elejalde disease has similar clinical features with hypopigmentation; however, definitive diagnosis rests on molecular analysis to ascertain the gene involved. [8] Chediak Higashi has regular melanin clumps in hair shaft and characteristic giant granules in the leucocytes identified on peripheral blood examination. Hermansky Pudlak syndrome is autosomal recessive disease with oculocutaneous albinism but different clinical and immunological profile. Both our cases carried RAB27A gene mutation, thereby confirming the diagnosis of GS type 2.
Our patients presented with typical phenotype of silvery grey hair since birth and history of fever, pancytopenia, and hepatosplenomegaly with hyperferritinemia. These signs should raise suspicion among clinicians and deeper investigations for diagnosis of GS should be carried out for early intervention. We propose a diagnostic algorithm for infants born with silver grey hair who manifest clinically as HLH and include additional laboratory workup [ Figure 3 ]. Surface expression of CD107a on NK cells and CTLs is used to measure the integrity of granule-mediated cytotoxicity pathway, [9] which was found to be defective in both our patients. Normal expression of intracellular perforin was observed as evaluated by flow cytometric analysis of NK cells (CD3 -CD56 dim population). However, the degranulation assay performed on both CD8
+ and NK cells showed markedly reduced surface expression of lysosome-associated membrane glycoprotein-1 (CD107a).
Significant advances have been made in the management of HLH over the last decade. The treatment aims at controlling the hyperinflammatory state by using various immunosuppressive agents as per HLH 2004 protocol. [10] Once the patient achieves remission and the molecular basis of mutation is confirmed, HSCT is planned as early as possible. GS-2 carries a poor prognosis unless patient undergoes timely HSCT. [11, 12] One of our patients underwent a successful 5/6 matched unrelated Cord Blood transplant 2 years ago and is doing well presently with donor type profile suggesting complete engraftment. Our second case, postallogenic HSCT, manifested as graft failure with lack of engraftment, developed sepsis, and died as a consequence of the disease.
CONCLUSIONS
Awareness among clinicians of this entity can avert devastating complications. Rarity of this syndrome, variable clinical presentation, lack of specialized flow cytometry, and genetic laboratories often delays the diagnosis. Though HSCT offers a promising treatment modality for this rare inherited immune syndrome, the final outcome varies. Also, families with known HLH mutations should be counselled and educated regarding the importance of prenatal testing if future siblings are being planned.
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